The paper presents the results of studies on the development of correlation of solidification parameters and chemical composition of nickel superalloy IN-713C, which is used i.a. on aircraft engine turbine blades. Previous test results indicate significant differences in solidification parameters of the alloy, especially the temperatures T liq and T sol for each batch of ingots supplied by the manufacturer. Knowledge of such a relationship has important practical significance, because of the ability to asses and correct the temperatures of casting and heat treatment of casts on the basis of chemical composition. Using the statistical analysis it was found that the temperature of the solidification beginning T liq is mostly influenced by the addition of carbon (similar to iron alloys). The additions of Al and Nb have smaller but still significant impact. Other alloying components do not have significant effect on T liq . The temperature T eut is mostly affected by Ni, Ti and Nb. The temperature T sol is not in any direct correlation with the chemical composition, which is consistent with previous research. The temperature T sol depends primarily on the presence of non-metallic inclusions present in feed materials and introduced during the melting and casting processes.
Introduction
The temperature T liq , at which the first solid state crystal are forming, and the temperature of the end of solidification T sol are the most important solidification parameters for a given casting alloy. On the basis of T liq , the optimal pouring temperature can be determined, bearing in mind the required fluidity of molten metal, lowest possible volumetric shrinkage and minimal gas and inclusions solubility. In turn, the temperature T sol provides information about the operational capabilities of casts at elevated temperature and the selection of the heat treatment temperature. Various types of eutectic may form in the alloys solidification range. In case of IN-713C alloy we have the eutectic γ + carbides + intermetallic phases. The results of previously conducted studies indicate significant differences in the solidification parameters of IN-713C alloy, mainly T liq , between different batches of feed ingots ("master heat") supplied by the manufacturer. What causes these differences? It seems appropriate, therefore, to establish an empirical relationship between the solidification parameters and the chemical composition of nickel alloys, based on the supplied certificate and additional analysis of the chemical composition of test casts. Solidification parameters can be easily determined by the ATD thermal analysis. The solidification process is associated with the emission of energy in exothermic effects. These effects can be easily identified by analysing the ATD chart (T=f(t) and dT/dt) as collapses, bends and temperature stops. The short data collection time is a particular advantage of ATD method.
Materials and methods of investigation
The tests were conducted using an IN-713C alloy. The samples of feed ingots from different batches were analysed using the ATD method.
Melting was carried out in the vacuum induction furnace Balzers VSG-02 using Al 2 O 3 crucibles characterised by high stability of technological parameters which allow to obtain high purity materials. The mass of the charge was about 1,2 kg. During melting the vacuum of 10 -3 was maintained. Before pouring the furnace chamber was filled with argon. The pouring was carried out in the argon atmosphere at a pressure of 900 hPa.
The test casts were designed as a cylinders with dimensions ∅30×120 mm with a 40×45×17 mm sprue. The temperature measurement point was placed at 1/3 height of the cast (from the bottom). The type S Pt-PtRh10 thermocouple was encased in quartz glass tube. Finished ceramic moulds, made using lost wax process in WSK Rzeszów, are shown on Fig. 1 . Fig. 2 shows the mould inside the VIM furnace chamber. Nickel superalloys significantly differ in respect of main alloying components. In IN-713C, beside the Ni base, there are additions of C, Cr, Al., Mo and Ti. Therefore it can be assumed that the solidification process is largely dependent on these components. This applies mainly to the temperature of the beginning of the crystallisation T liq .
The solidification parameters of all cast samples were determined using the ATD graphs. Each cast was also subjected to the chemical composition test using optical emission spectrometer Oxford Instruments FOUNDRY-MASTER. The results of ATD and OES tests are shown in Table 1 . 
The results of investigations and discussion of results
The evaluation of relationship between the liquidus temperature and selected solidification parameters was conducted by multiple regression statistical analysis.
Statistical significance of p(α) < 0,05 was selected for the analysis. Calculated value of the probability p lower than 0.05 means that the given element have a significant influence on the considered characteristic.
The probability value p determines the intensity of influence for given element and the coefficient B sign (negative or positive) determines the direction of influence (reduction or increase). The calculations were performed using licensed Statistica 7.1 software package.
Conclusion: 1.
Carbon significantly reduces T liq .
2.
Influence of chrome was excluded! 3.
The high value of the coefficient of determination (up to 97.57% of the results can be explained using the model) Conclusion: 1. Carbon significantly reduces T liq . 2.
Influence of molybdenum was excluded! 3.
The high value of the coefficient of determination (up to 98,53% of the results can be explained using the model).
Conclusion: 1.
Carbon and niobium have significant influence on the reduction of T liq (carbon two times stronger).
2.
Influence of cobalt was excluded! 3.
The high value of the coefficient of determination (up to 98,36% of the results can be explained using the model).
Conclusion: 1.
Carbon and niobium have significant influence on the reduction of T liq (carbon two and a half times stronger).
2.
Influence of titanium was excluded! 3.
The high value of the coefficient of determination (up to 98,25% of the results can be explained using the model).
Conclusion: 1.
Carbon and niobium have significant influence on the reduction of T liq (carbon tree times stronger).
2.
Influence of nickel was excluded! 3.
The high value of the coefficient of determination (up to 97,88% of the results can be explained using the model).
Conclusion: 1.
Carbon and niobium have significant influence on the reduction of T liq (carbon over three times stronger), 2.
Aluminium increases T liq .
3.
4.
High value of Fisher statistic indicates very good accuracy of the mathematical model.
5.
A very small value of the estimation error, only 1,48
The final model is: 
For the eutectic temperature T Eut :
Conclusion: 1. Nickel reduces T Eut , 2.
Influence of chromium was excluded! 3.
The high value of the coefficient of determination (up to 95,32% of the results can be explained using the model).
Conclusion:
1. Nickel, carbon, titanium and niobium reduces T Eut (nickel has the strongest influence).
2.
Influence of aluminium was excluded! 3.
The high value of the coefficient of determination (up to 93,60% of the results can be explained using the model). The model cannot be accepted as correct representation of reality. This results are confirmed by previous studies on the assessment of metallurgical quality of feed ingots.
4. It is possible to create the empirical relationship between the T liq , T Eut and the alloying elements of studied alloys.
5. The studied alloys are presently poured in temperature 1500 to 1520°C. On the basis of ATD analysis it can be concluded that this is too high. Pouring temperature should be between 1460 to 1480°C. However the liquid metal fluidity in case of thin walled castings of aircraft turbine blades should be taken into consideration.
6. In case of high content of impurities the temperature T sol for IN-713C alloy was about 1235°C. This can lead to melting of the low melting point eutectic during heat treatment which can cause additional porosity.
